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MIMIMUM  REQUIRED  SIGNAL  FOR  LI  MARS  EXPERIMENTS 


FOREWORD 

This  report  was  prepared  by  Lawrence  E.  Myers,  Electro-Optics  Engineer,  Technology  /  Scien¬ 
tific  Services  Inc.  This  work  was  supported  by  the  US  Air  Force,  Wright  Research  and  Develop¬ 
ment  Center,  Avionics  Laboratory  under  contract  #F33601-89-D-J002  as  part  of  the  Laser 
Imaging  and  Ranging  System  (LIMARS)  project.  This  document  was  originally  presented  as  an 
In-House  Technical  Briefing;  the  author  wishes  to  thank  the  people  from  WRDC/AARI-2  and 
T/5SI  who  reviewed  this  briefing  and  provided  useful  feedback.  The  author  wishes  to  acknowl¬ 
edge  Dr.  Ed  Champagne  of  WRDC/CA-E  who  contributed  to  this  work  by  reviewing  the  manu-  . 

,  script  and  offering  helpful  comments.  ,  ,  1  /,  ;  .- 

•  .  <  y  '  -  _ 


This  report  determines  the  minimum  detectable  signal  required  to  perform  the  LIMARSjexperi- 
ment.  LIMARS  is  a  direct  detection  laser  radkr  using  a  n^vel  receiver  scheme  to  produce  a 
pixel -registered  range  image  without  scannings  This  work  was  motivated  by  the  need  to  size  jfhe 
transmitter  laser  which,  for  this  experimental  system,  is  k  Nd:YAG  laser  operating  at  1 ,06p«f. 
The  laser  must  produce  at  least  the  minimum  detectable  power  at  the  detector  for  the  experimen¬ 
tal  conditions.  The  minimum  detectable  power  is  that  power  which  just  exceeds  the  noise  for 
given  probabilities  of  detection  and  false  alarm.  1  included  contributions  of  noise  from  scene 
emission,  scene  reflection,  and  internal  sources,  and  I  considered  experiments  in  the  Bldg  620 
Tower  and  the  Bldg  622  Collimator.  For  the  Tower  experiment,  in  the  worst  case  of  reflected 
sunlight  there  are  410  rms  noise  electrons  per  pixel.  In  the  Collimator  experiment,  internal  noise 
of  100  rms  noise  electrons  per  pixel  dominates.  ;  O  r 

I  wrote  a  computer  program  to  plot  the  probability  of  detection  as  a  function  of  signal  electrons 
for  given  probability  of  false  alarm  and  number  of  noise  electrons  using  Poisson  statistics. 
Speckle  was  not  included  in  this  program. "T  verified  the  output  by  comparison  with  other  pub¬ 
lished  results  and  with  a  Gaussian  approximation.  I  used  the  program  to  calculate  the  number  of 
signal  electrons  needed  in  the  two  experimental  cases  for  90%  probability  of  detection  and  0.1% 
probability  of  false  alarm.  The  Tower  experiment  requires  1800  received  signal  electrons  per 
pixel,  or  1.7  x  10_,4J  per  pixel  at  1.06)im  wijh  a  2%  detector  quantum  efficiency.  The  Collimator 
experiment  requires  440  received  signal  electrons  per  pixel,  or  4.1  x  10_,5J  per  pixel.  These  val¬ 
ues  for  minimum  detectable  energy  at  the  detector  can  then  be  used  in  the  laser  radar  range  equa¬ 
tion  to  determine  the  output  required  froqri  the  transmitter  laser. 
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BASIC  LASER  RADAR  EQUATION 
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where  NEP=Noise  Equivalent  Power  and  SNR=Signal-to-Noise  Ratio 
required  for  given  probabilities  of  detection  and  false  alarm. 


Noise  Power  °c  Mean  Squared  Current  Fluctuation  if,: 
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where  P  =  incident  optical  power 

r\  =  detector  quantum  efficiency 
v  =  frequency  of  incident  optical  radiation 


NUMBER  OF  NOISE  ELECTRONS 
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Average  Photogenerated  Current  due  to  the  Signal: 
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BACKGROUND  SHOT  NOISE 
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=  solid  angle  subtended  by  the  receiver  aperture 
=  object  radiance  over  band  of  interest  [W  m'2  sr1 
=  angle  between  the  line  of  sight  and  the  normal 
to  the  plane  of  the  target  surface 
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BACKGROUND  SHOT  NOISE  FOR  L1MARS  EXPERIMENT  (TOWER) 
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For  Transmitter  Sizing,  use  lOnm  filter  and  sunlit  day:  NBG  —  400  noise  electrons 


BACKGROUND  SHOT  NOISE  FOR  LIMARS  EXPERIMENT  (COLLIMATOR) 
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For  Transmitter  Sizing,  use  lOnm  filter  and  dim  light:  NBG  ~  10  noise  electrons 


Internal  Noise  Sources  in  CCDs  (Dereniak  &  Crowe): 
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•  Total  number  of  Noise  Electrons  is  the  root-sum-square  addition  of  the  contributions: 
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RADAR  SIGNAL-TO-NOISE  RATIO  (SNR) 
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Figure  2.4  Envelope  of  receiver  output  illustrating  false  alarms  due  to  noise. 
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(ol  NOISE  ONLY  tb)  NOISE  PLUS  SIGNAL 

Figure  2.6  Probability-density  function  for  noise  alone 

Fig.  10.3a  and  b.  Probability  density  Tor  envelope  of  sinusoidal  signal  in  complex  Gaussian  a,K*  f°r  signnl-plns-no.se,  illustrating  the  process  of 

nn;-.  threshold  detection. 


DETECTION  STATISTICS  (CONTINUED) 
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where  AN  =  average  number  of  noise  electrons  generated 
Ns  =  average  number  of  signal  electrons  generated 
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Previous  probability  of  detection  calculations  assumed  a  constant  average  signal  from  the  target  jV 
With  speckle,  the  average  signal  is  itself  a  random  variable  with  probability  density  function  p(N 
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Negative  Binomial  T(k+M)  {  M  Yf  Nc 

Distribution  =  h+_  l,+_ 


GAMMA  FUNCTION 


20 


a  (iamiiHi  probability  distribution  if 
its  pill  is  given  by 


Signal  +  Noise 

Probability  of  k  photoeleetrons  due  to  Negative  Binomial  Signal  +  Poisson  Noise: 


<u 


1 


Resolved  Target  =>  i  range  =»  T  number  of  Correlation  Cells  intercepted  by  recei 
M=°°  =>  identical  to  Specular. 


•  Find  threshold  NT,  the  minimum  integer  such  that  probability  of  noise  exceeding  NT  is  less  than  desired  pfa: 


For  given  Nn,  read  off  Ns  =s>  Minimum  Detectable  Signal. 


)n  radar  performance 


qna 


1  Olog(Ns) 


APPROXIMATIONS  OF  POISSON  DISTRIBUTION 


32 


Ns  =  3.08-yNtf +1 .29^NS  +N  Ns  =  3.75^+1.29^ +* 

For  large  Nn:  Ns  ~  431 For  large  Nn:  Ns~  5.04^fN^ 
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MINIMUM  DETECTABLE  SIGNAL  FOR  LIMARS 


Minimum  Detectable  Energy  per  pixel  at  detector  for  single  pulse 
Es  =  Nshc/\r\  where  q=detector  quantum  efficiency. 

(Recall  that  Nn  was  calculated  with  n  =  0.02.) 
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